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????????????????? [8, 9, 10, 11, 12](???????? [13, 14])?
??????????????????????????????????????
?????????????????????????


































































































































































?? 2???????????????? V 1k??????????????
?????????
4. ?????????????????????????? 1????????








































































?????? (????Rm?????Rs)???????????? (¸2 = Rm=Rs)?
? 2.3???????????????????????????
? 2.3: ???????????????????????????? (x=¸ ???
r=¸)??????????????? ¸?????????????? 2.1???















? 2.4: Werblin? Dowling????????????????????????











? PD)????????????????????????? 128? 128????
?????????????????????????????????????


































(vin(tacq)¡ vin(tres)) + Vref
??????????????????????????????????????
?????????????????????????????????? 5 mV?












































































128? 128????????????? (PD)????? (Control Signals)????







































? 2.7: (a) ??????????????SW1?SW2? (b)??????????
??????????? (tres)???????? (vin)?????????????
????? (tacq)???????????????????????(??????





? [11, 12]?????????????????????????????? [26, 27,











































































(a) Bipolar Cell (b) Amacrine Cell
? 3.1: ??????????????????????????????????












































































































































































? 128? 128?????? 60 frames/s???????????????FPGA??
?USB??????????????????????????????????
????? [36]? ASPECTUS-U??????FPGA? 40????????Xilinx?
Spaltan3, XC3S400-4C???????????????????????????
??????????????????????????????????????
































































































f(t) = Ce¡®t(1¡ e¡®t)n¡1? (4.2)






















??????????? (Temporal filter)????????? (Bipolar cell)???
??????????????????????????????????????













































































B(x; y; i) =
N¡1X
j=0
f(j)A(x; y; i¡ j):
????A(x; y; i)??????????N????????????????f(i)?











































????????Moore????????????????? (x; y)??? t???





















????? i?????????????? va[p; q; i]??????????????
?????
va[p; q; i+ 1]¡ va[p; q; i]
Cm∆t














???? 100??????????????????? (????????∆t = 3:2,
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????? [48]??????????? (????? 3.1???)?
Biploar
Amacrine































































































































































12.8 (s) 16.5 (s)
A B
C






























































? (x; y)??????????????? (p; q)????????????????

















LFSRx? LFSRy????????M????? 263 ¡ 1????????????
44
???????????????????????????????????? 0?




? 0?? 31?????????????????? 16.5?????
PG
1 2 3 55 56 57 58 59 60 61 62 63
63LSFRx

















?????n = 1, 4, 8????????????????????????????
????????????????? n?????? 0.57, 1.08, 1.51???????
??????????????????????????????0.5?? 1.5??
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? 6.2: ??????????????? (Silicon Retina)?FPGA?? (FPGA


































































































????????????????????????? (Frame Period)? 5 ms??
54








































1¡®????®???????????????????????0:0 · ® · 1:0???
????r2[x; y; i]??? (x; y)?????? i???????????????s[x; y; i]
??????????????????????????????????????

























































































???????? a[x; y; j]??????????????????????????
??? b1[x; y; i]??? b2[x; y; i]???????????
b1[x; y; i] =
iX
j=¡1
a[x; y; j]f (∆t(i¡ j)) ;
b2[x; y; i] =
iX
j=¡1








h1[x; y; i] = Áh1[x; y; i¡ 1] + (1¡ Á)a[x; y; i];
h2[x; y; i] = Á
2h2[x; y; i¡ 1] + (1¡ Á2)a[x; y; i];
b1[x; y; i] =
hh




b2[x; y; i] =
hh





????Á??????????? h1[x; y; i]??? h2[x; y; i]? IIR???????






??? ±1; ±2??????????± = 1???????????? 1.0?????
??????????????± = 0?????????????????????
??????On??????Off???????????????????????





? 6.7?????????????????????????????? µ? °??
?????????????????????









































































vk[x; y; i] =
""
























? 6.7: ??????????????????????????? µ? ° ???
??????????????
+·ock vk[x; y; i¡ 1] + ·osk
X
(p;q)2NM (x;y)




????k???????? (k = 1; 2); ·ick ; ·isk ; ·ock ; ·osk ?????????????
??? (0:0 · · · 1:0); NM(x; y)??? (x; y)???? (?????)????
HR
Input Frame Buffer Output Frame Buffer













??????????·ick ; ·isk ; ·ock ; ·osk ????????????????????







??????????? ¹k????????? µsgk ???????????????
? "????k???????? (k = 1; 2)??? 6.9(a)?????????????
??????????????????????????????????????
????????????????????????????mk[x; y; i]?????
¹k??????????????????? vk[x; y; i]?????????????
????????????????????????? IIR???????????
??????????????????????????????????????











24 mk[x; y; i]
wk[x; y; i]





35 (p · µsgk )
24 p¡ µsgk
1














mk [ x, y, i ]
0 or 10 to 1.0
sg
sg
k = 1, 2
2





























? 6.9: ???????????????????????? ¹k????????
? µsgk ???????????????? "??????????????????












Parameter Range Set value
¾1 0.0 to 1.0 0.0
¾2 0.0 to 1.0 0.392
® 0.0 to 1.0 0.588
Á 0.0 to 1.0 0.898
±1 0 or 1 0
±2 0 or 1 0
µ1 0.0 to 1.0 0.490
µ2 0.0 to 1.0 0.498
°1 0 to 15 3
°2 0 to 15 5
·ic1 -1.0 to 1.0 1.0
·is1 -1.0 to 1.0 0.0
·oc1 -1.0 to 1.0 0.0
·os1 -1.0 to 1.0 0.0
·ic2 -1.0 to 1.0 0.109
·is2 -1.0 to 1.0 0.109
·oc2 -1.0 to 1.0 0.0
·os2 -1.0 to 1.0 0.0
¹1 0.0 to 1.0 0.715
¹2 0.0 to 1.0 0.715
µsg1 0.0 to 1.0 0.996
µsg2 0.0 to 1.0 0.996










???????????????? 40 mm?????????? 27????????
??????????? 500 ms????????????? 179 cd/m2?????































































































































































































? 7.1: ??????????????????????????? (Optic nerve)





??????? (Primary visual cortex?V1)??????
?????????????????????????????????????
???????????? (? 7.2)??????????????????????











































f , Á????????????????????????? Á = ¼=2???? sin
?????????? odd??????? Á = 0???? cos???????even?
????Gabor?????????????
g(x; y) = exp(¡x
2 + y2
2¾2


































































geven(u¡ x; v ¡ y)I(u; v)dudv
Rodd(x; y) =
Z Z
godd(u¡ x; v ¡ y)I(u; v)dudv
geven(u; v) = e
¡k1(u2+v2) cos (k2u)






????? C?????even???? odd??????? S?????????
????????????? d???????????????????????










































xL - xR > 0
xL - xR = 0





































































































































Disparityi;j = arg max
d






























????????????? w+8 = w+4 = 1, w0 = 0, w¡4 = w¡8 = ¡1????
??????????????????????????????????????
??????????????????????????????????????
?? 0???? 0??????????????? 0??????????????
??????????????????????????????????N ??
????????????





























































































































































































































































































































































































































??????????????? (? 7.13??)????????????? (? 7.13
??)???????????????????????????????????
???????????????-4??????????????????????
??????? (?? 0)??? (??+4)???????????????????
??????????????????????????? (?????)????
??????????????????????????????????????
???????????? (?? 0)????????????? (??-4)?????





Image (left) Image (right)
Disparity MapEnergy (d=0)
Image (left) Image (right)
Disparity MapEnergy (d=0)
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